INTRODUCTION
In Chapter 2, Hydromagnetic flow of a nanofluid between expanding or contracting porous walls with equal permeability has been investigated. In the present chapter, we have assumed that the channel walls have different permeabilities. Si et al. (2011a) analyzed the asymmetric laminar flow in a porous channel with expanding or contracting walls using HAM. Si et al. (2011b) studied analytically the asymmetric laminar flow of micropolar fluid through porous channel with an expanding or contracting wall using homotopy analysis method (HAM). The effects of heat transfer and chemical reaction on laminar flow of viscous fluid between two slowly expanding or contracting walls with different permeabilities have been investigated by Reddy et al. (2013) .
As pointed out in previous chapters, the study of nanofluids have received a great attention of several researchers in view of its applications in industrial, biomedical, optical, electronic and thermal engineering (Khanafer et al. 2003; Mahian et al. 2012; Bachok et al. 2012a; Hatami et al. 2013; Madhesh and Kalaiselvam 2014; Hatami and Ganji 2014b; Rahimi-Gorji et al. 2015) . The convective instability driven by buoyancy and heat transfer characteristics of nanofluids were investigated by Kim et al. (2004) . Abu-Nada (2008) made a numerical investigation of heat transfer over a backward facing step using nanofluids. Oztop and Abu-Nada (2008) studied numerically the natural convective heat transfer in a partially heated rectangular enclosure filled with nanofluids. In their study it was found that, different models for density and viscosity of nanoparticles were tested and there was an increase in mean Nusselt number with an increase of nanoparticles volume fraction. Vajravelu et al. (2011b) The study of thermal radiation has gained much attention of several researchers due to many applications in environmental and scientific processes, physics and engineering, for example, in aeronautics, fire research, heating and cooling of channels, nuclear power plants, gas turbines, and various propulsion devices for missiles, aircraft, space vehicles, and satellites (Brewster 1992; Hayat et al. 2011b; Zheng et al. 2013; Nadeem and Haq 2015; Srinivas et al. 2015b) . Rad and Aghanajafi (2009) studied the thermal analysis of single phase laminar flow of nanofluid in a cooled rectangular microchannel subject to the heat sink and uniform wall temperature condition. The main focus of the present work is to study the influence of thermal radiation on asymmetric laminar flow of a nanofluid in an expanding and contracting porous channel with different permeabilities. We considered different base fluids (water and ethylene glycol) and nanoparticles such as copper (Cu), silver (Ag), alumina (Al 2 O 3 ), and titanium dioxide (T iO 2 ). HAM is adopted to get the analytical solution for the reduced system of governing flow equations. The impact of various parameters on flow and heat transfer characteristics of nanofluid has been discussed.
FORMULATION OF THE PROBLEM
Consider the laminar, isothermal and incompressible flow of nanofluid between two permeable surfaces that enable the fluid to enter or exit during successive expansions or contractions. One side of the cross section representing the distance 2a(t) between the walls, which is much smaller than the width and length of the channel. A planar section of the flow domain is shown in Figure 5 .1. Both the channel walls are assumed to have different permeabilities and expand or contract uniformly at a time-dependent rateȧ(t).
The channel is assumed to be semi-infinite in length. Under these assumptions, the governing flow equations are given by
whereû,v are the velocity components alongx andŷ directions respectively, t is time, p is the dimensional pressure, Φ and k are the porosity and permeability of porous medium, T is the temperature, ρ nf is the effective density of the nanofluid, µ nf is the effective dynamic viscosity of the nanofluid, (ρC p ) nf is the heat capacitance of the nanofluid, k nf is the thermal conductivity of the nanofluid.
The corresponding boundary conditions arê 
where ρ f is the density of the base fluid, ρ s is density of the nanoparticle, µ f is viscosity of the base fluid, φ is the volume fraction of nanoparticles, (ρC p ) f , (ρC p ) s are the heat capacitance of the base fluid and nanoparticles respectively and k f , k s are thermal conductivities of base fluid and nanoparticle respectively. The thermophysical properties of different base fluids and nanoparticles are shown Table 5 .1.
Introducing the stream function and mean flow velocity by puttinĝ
Due to mass conservation, a similar solution with respect tox can be assumed to be of the formψ 
where α(t) = aȧ/ν is the non-dimensional wall dilation rate and is defined positive for expansion and negative for contraction, R = av 1 /ν is the permeation Reynolds number which is positive for injection and negative for suction, Da = k Φa 2 is the Darcy number,
ρ nf ρ f and prime denotes the differentiation with respect to η. Nadeem and Ul-haq 2015),
where σ * is the Stefan-Boltzmann constant and κ * is the mean absorption coefficient.
We assumed that the temperature differences within the flow are sufficiently small such that the term T 4 may be expressed as a linear function of temperature. This is accomplished by expanding T 4 in a Taylor series about T 0 and neglecting higher order terms, thus
The temperature of the nanofluid in channel can be expressed as
where B is the constant of the fluid and m 1 is the power law index of the temperature.
The dimensionless form of temperature from Eq. (5.17) is
The corresponding boundary conditions are θ(−1) = 1, θ(1) = 0.
(5.20)
SOLUTION OF THE PROBLEM
Here we employed homotopy analysis method to obtain the analytical solutions for the system of equations (5.13) and (5.19) with the corresponding boundary conditions Eq.
(5.14) and Eq. (5.20) . The initial guesses f 0 , θ 0 and the auxiliary linear operators L 1 , L 2 are given by
where c i (i = 1, 2, 3, 4, 5, 6) are constants.
ZERO ORDER DEFORMATION EQUATIONS
Upon making use of above definitions, we construct the zero-order deformation equations,
where q ∈ [0, 1] is an embedding parameter, h f = h θ = h be the nonzero-auxiliary parameter and N 1 , N 2 are the nonlinear operators, which are defined as
For q = 0 and q = 1, f (η; 0) = f 0 (η),f (η; 1) = f (η),θ(η; 0) = θ 0 (η),θ(η; 1) = θ(η), (5.30)
Using Taylors theorem, we can writê
The convergent of the series is strongly dependent upon h. Assume that h f , h θ are chosen so that the series (5.31) and (5.32) are convergent at q = 1. From Eqs. (5.31) and (5.32) we have the solution expressions are as follows:
HIGH-ORDER DEFORMATION EQUATIONS
Differentiating the zero-order deformation equations (5.24)-(5.27) m times with respect to q, then dividing by m! and finally setting q = 0, one obtains the following m th order deformation equations: 
where E 1 , E 2 correspond to the residual error for f (η), θ(η), respectively. The square residual errors for f (η), θ(η) and the averaged square residual error are defined respectively as follows:
The square residual error (SRE) for f (η), θ(η) and the averaged square residual error (∆) are evaluated by varying the convergence control parameter h to obtain the optimal value of h which leads to minimum ∆ which is given in Kutta scheme which are given in Figure 5 .3 and Table 5 .3. It was found that there is a good agreement between analytical and numerical solutions. Further, the dimensionless shear stress at the walls is defined as For the case of expanding walls (α > 0), the maximum of axial velocity become higher near the center while it is lower for the case of contracting walls (α < 0). Figure 5 .6 depicts the effect of A on the axial velocity distribution. The axial velocity increases with increasing the magnitude of A and the profile tends to symmetric near the center as A varies from 0 to −1. The maximum of axial velocity increases with increasing |A|. Ethylene Glycol (EG) is shown in Figure 5 .11. From Figure 5 .11(a) it is observed that silver as nanoparticle leads to maximum axial velocity near the center of the channel as compared with Al 2 O 3 , Cu, T iO 2 for both the base fluids. From. Figure 5.11(b) one can notice that the temperature of the nanofluid is higher for Al 2 O 3 as nanoparticle on comparing with Ag, Cu, T iO 2 for the both the base fluids. Figure 5 .12 depicts the variation of θ for different values of Rd. It is observed that, for the both cases wall suction combined with expansion and contraction, the temperature decreases for a given increase in Rd (see Figures 5.12c and 5.12d) while it increases for the case of injection combined with contraction(see Figure 5 .12b). For the case of injection combined with wall expansion, for a given increase in Rd, the temperature exhibits oscillating character and the maximum temperature is shifted to the walls(see Figure 5 .12a).
The influence of α and A on shear stress distribution is shown in Figure 5 .13 for Al 2 O 3 -water nanofluid. From this figure it's clear that for every level of suction or injection the absolute shear stress along the wall surface is in proportion to x. From Figure   5 .13(a) one can observe that the absolute shear stress decreases as α increases for the case of expanding walls while it increases as |α| increases for the case of contracting walls. From Figure 5 .13(b), it can be seen that the absolute shear stress increases as the magnitude of A increases for the both the cases of wall expansion combined with wall injection and wall contraction combined with wall suction. Figure 5 .14 shows the variation of heat transfer rate in terms of Nusselt number (N u) against R for different values of α and Rd. From Figure 5 .14(a) it is noticed that N u increases for a given increase in α at the upper wall while it decreases at the lower wall but the behavior is reversed for the variation of thermal radiation parameter (see Figure 5.14(b) ). The numerical values of heat transfer rate −φ 2 θ (−1) are presented in Tables 5.4 and 5.5. Table 5 .4 depicts the numerical variations of −φ 2 θ (−1) for different values of φ, m 1 , Rd for Al 2 O 3water nanofluid. It is observed that heat transfer rate increases with an increase in φ, m 1 while it decreases for a given increase in Rd (Zhang et al. 2015) . Tables 5.5a and 5.5b show the influence of nanoparticle volume fraction φ on −φ 2 θ (−1) for different nanoparticles such as Al 2 O 3 , Ag, Cu and T iO 2 when water as base fluid and Rd = 0, 1.
It is clear that −φ 2 θ (−1) increases with increasing volume fraction of nanoparticles.
From these tables it is noticed that silver nanoparticles lead to maximum heat transfer rate as compared with Al 2 O 3 , Ag, Cu, and T iO 2 for water as base fluid. Further, it is observed that when Rd = 0, (in the absence of thermal radiation) as φ increases from 0% to 2% there is approximately 40%, 33%, 17% and 16% increase in heat transfer rate for Al 2 O 3 , Ag, Cu, and T iO 2 respectively, while there is 22%, 19%, 13% and 12% increase when Rd = 1. Table 5 .2: 20 th order approximation for the optimal convergence-control parameter h and corresponding square residual error (SRE) for Al 2 O 3 -water nanofluid when R = 2, α = 2, Pr = 6.2, m 1 = Rd = 1, φ = 0.05, A = −0.2, Da = 0.5.
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